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功能上也可能存在冗余性。本论文中，我们发现 TMEM59L 及其同源体 TMEM59
均为高尔基体驻留蛋白，且 TMEM59L 在大脑中特异性高表达，而 TMEM59 则
没有组织表达特异性。过表达 TMEM59L 和 TMEM59 都可以激活 LC3B 而诱发
细胞自噬，但是过表达 TMEM59L 可以明显诱导 Caspase-3，Caspase-7 激活并切
割 PARP，诱导细胞凋亡，而 TMEM59 诱导细胞凋亡的效果没有 TMEM59L 显
著。过表达 TMEM59L 还可以激活 JNK-p38 MAPK 信号通路，并抑制 AKT-FoxO1
信号通路，从而促进细胞凋亡。此外，TMEM59L 可以通过蛋白酶体途径促进抗
凋亡蛋白 Bcl-2 的降解。TMEM59L 和 TMEM59 作为 N-糖基化蛋白，其糖基化
修饰不影响其细胞凋亡功能，但是 TMEM59L 糖基化缺失后可以更显著地激活
细胞自噬。 




















Apoptosis is a naturally occurring programmed cell death and controlled by a 
series of genes. Dysregulated apoptosis plays an important role in many diseases such 
as cancer, immune disorders and neurological disorders. 
TMEM59L is a newly-identified brain-specific membrane-anchored protein of 
unknown function. Such a tissue expression specificity indicates that TMEM59L may 
play a vital role in neural development and/or neurodegenerative diseases. Our 
laboratory has previously found that TMEM59L could induce intrinsic 
mitochondrial-mediated apoptosis. Recent studies have shown that the homolog of 
TMEM59L, TMEM59 can induce autophagy. Because of their homology, the two 
proteins might have functional redundancy. Herein, we confirmed that TMEM59L 
was specifically expressed in the brain, whereas TMEM59 had no tissue expression 
specificity. In addition, we showed that both TMEM59L and TMEM59 were Golgi 
retention proteins. Furtermore, we found that overexpression of both TMEM59L and 
TMEM59 could activate LC3B and trigger autophagy. However, overexpression of 
TMEM59L could significantly activate caspase-3 and caspase-7, accompanied with 
the cleavage of PARP, whereas TMEM59 only had marginally effects. Moreover, we 
found that TMEM59L could activate JNK-p38 MAPK signaling and inhibit 
AKT-FoxO1 signaling to promote cell apoptosis. Overexpression of TMEM59L also 
facilitated the degradation of Bcl-2 through the proteasome pathway. Although both 
TMEM59L and TMEM59 are N-glycosylated proteins, we found that abolishment of 
their glycosylation did not affect their pro-apoptotic functions. However, the 
autophagy induced by TMEM59L deficient in glycosylation was more dramatic than 
that by wild type TMEM59L. 
In conclusion, we have revealed the difference in mediating cell death between 
TMEM59L and TMEM59 and elucidated the mechanism underlying the 
brain-specific, pro-apoptotic TMEM59L-regulated cell death. Our study provides a 
foundation for future study on the physio/pathological function of TMEM59L in the 
brain. 
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英文缩写 英文全名 中文名称 
AD Alzheimer's disease 阿尔茨海默症 
AP-1 Activator protein-1 活化蛋白-1 
Apaf1 Apoptotic protease-activating factor 细胞凋亡蛋白酶活化因子 
APP Amyloid precursor protein 淀粉样前体蛋白 
Aβ β-amyloid β-淀粉样蛋白 
Bcl-2 B-cell lymphoma/ leukemia-2 B-细胞淋巴瘤/白血病-2 
BH domain Bcl-2 homology domain Bcl-2 同源保守结构域 
BSMAP Brain-specific membrane-anchored protein 脑特异性膜锚定蛋白 
Caspase Cysteinly aspartate specific protease 半胱氨酸天冬氨酸酶 
CDG Congenital disorders of glycosylation 先天性糖基化缺陷综合症 
CHOP C/EBP homologous protein C/EBP 同源蛋白 
CHX Cycloheximide 放线菌酮素 
CRE cAMP-response element cAMP 应答元件 
CREBs cAMP-response element binding proteins cAMP 应答元件结合因子 
Cyt c Cytochrome c 细胞色素 c 
dATP Deoxyadenosine triphosphate 脱氧腺苷三磷酸 
DD Death domain 死亡结构域 
DISC Death-inducing signaling complex 死亡诱导信号复合物 
ERKs Extracellular signal-regulated kinase 细胞外信号调节蛋白激酶 
FAD Familial form of AD 家族性阿尔茨海默症 
FADD Fas-associated death domain Fas 相关死亡结构域 
FKHR Forkhead family of transcription factors 叉头转录因子 
IRE1α Inositol-requiring enzyme 1α 肌醇依赖性激酶 1α 




MAC Mitochondrial apoptosis-induced channel 线粒体凋亡诱导通道 
MAPKs Mitogen-activated protein kinases 丝裂原活化蛋白激酶 
mTOR Mammalian target of rapamyci 哺乳动物雷帕霉素靶蛋白 
PARP Poly (ADP-ribose) polymerase 聚（ADP-核糖）聚合酶 
PCD Programmed cell death 程序性细胞死亡 
PKB Protein kinase B 蛋白激酶 B 
PUMA p53-upregulated modulator of apoptosis p53 正向凋亡调节因子基因 
PS-1 Presenilin-1 早老素-1 
SAPKs Stress-activated protein kinases       压力激活的激酶蛋白 
Smac/DIABLO Second mitochondrial activator of 
caspases/ direct IAP binding protein with 
low PI 
第 2个线粒体衍生的半胱天冬
蛋白酶激活剂/低 pI 的 IAP 直
接结合蛋白 
TNFRSF Tumor necrosis factor receptor superfamily 肿瘤坏死因子受体超家族 

























































和LC3（Microtubule-associated protein1 light chain 3，MAP1-LC3）参与组成ATG12
结合过程和LC3 修饰过程，前者与前自噬体（Preautophagosome）的形成相关，
后者与自噬体（Autophagosome）的形成相关[3,4]。ATG12 首先由E1 样酶ATG7















































































图 1.1 外源性与内源性细胞凋亡途径 
Figure 1.1 The extrinsic and the intrinsic apoptotic pathways 
注：引自 Jonathan L. Tilly. 2001 
1.3 细胞凋亡相关分子 
1.3.1 Caspase家族蛋白 




































1.3.3 Bcl-2 家族蛋白 
Bcl-2（B-cell lymphoma/ leukemia-2）家族蛋白含有Bcl-2 同源保守结构域
（Bcl-2 homology domain，BH domain），根据其功能和含有BH结构域数量的不
同分为三个亚家族：第一，含有BH1-4 四个BH结构域，包括Bcl-2、Bcl-xL、Bcl-w、
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